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The paper deals with one of the applied problems in the design and modernization of the distribution
points of the various services (eg, gas, oil, and water) — the problem of the optimal distribution
of production and distribution of resources between consumers and suppliers, taking into account a
variety of restrictive conditions. In this regard, the topic under consideration, relating to the design and
development of the mathematical apparatus to describe, analyze, and optimize network engineering
maintenance vehicle type is relevant.

In this paper, engineering support network is seen as a hierarchical system of the vehicle type,
two-stage, respectively solved the problem of accommodation with a nonlinear objective function. It is
assumed that resources (oil, gas, water, etc.) are transferred in this system from producers to consumers
through processing by points connections (transport channels). Such systems are characterized by the
presence of so-called fixed costs to be made regardless of the target volume production and processing
(gas, oil, etc.). The account in the models of these and similar factors leads to the appearance of
their objective functions that do not possess the property of continuity. Therefore, the problem of
resource allocation in hierarchical networks, is seen as a two-stage problem of placing items resource
production and distribution with discontinuous objective function. This class of problems, which bears
the character of multi considerably complicates the search for an extremum of the objective function,
and can not be solved in the general case. Thus, there is a need to develop a new method of solving
the problem, when the functions that determine the cost of production, transportation and processing
of products are non-linear.

In this regard, the aim of this work is to develop new mathematical models and methods for analysis
and optimization of engineering support transport-type networks with a hierarchical structure. The goal
is achieved as a result of research and development of the mathematical apparatus and optimization
techniques for the design and optimization of engineering support such as transport networks, taking
into account the various restrictive conditions of feasibility, natural, environmental, situational and
character, as well as legal and budgetary constraints of the region.

Note that the distribution of production and resource allocation problems have a wide range of
applications that arise when designing of engineering networks for different purposes, in problems of
logistics facilities and power systems, planning and reconstruction transport-type networks, routing
service networks and other areas.

The paper studied and proved a sufficient condition for the applicability of the method of successive
two-step calculation for the problem of locating the production and processing of non-linear functions of
transport, operating costs and expenses for processing at various restrictive conditions. A combinatorial
method for optimizing the placement based on the method of consecutive calculations, which allows
to calculate the best option to deploy elements of communications and network engineering plan
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(volume) of the transported goods from sources to consumers by the criterion of minimum total cost
of production of the raw material, its processing and transportation. The proposed method makes it
possible, though, and by the partial sorting, finding the global extremum multiextremal problem with
any degree of accuracy.

The proposed methods and models allow to carry out a reliable analysis and optimization of
engineering support networks and can be used in the design organizations involved in the design,
construction and operation of networks for different purposes.

Key words: networks location problem, the method of successive calculations, placement plan,
the optimal output of production.
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VIIK 519.8:624.9

B pabore paccmarpuBaercs oHa 3 MPUKIAIHBIX TPOOIeM B 00aCTH ONITUMU3AINY TYHKTOB Pac-
IpeJIeJieHUs PA3IUIHBIX YCIyT (HampuMep, Tas3o-, HedTe-, U BOJOCHAGKEHNs) — MpobeMa OITh-
MaJIBHOTO Pa3MEIeHNs TPOU3BOACTE U PACIIPEIETEHUS PECYPCOB MEXK Ty MOTPEOUTEISIMA U TIOCTAB-
IMUKAMHE C YIETOM Pa3IUIHBIX OIPAHUIUTEIbHBIX yCa0BHi. PanuonajibHoe pa3Merenne s1eMeHTOB
ceTell MHYKEHEPHBIX KOMMYHUKAIWI 110 mepepaboTKe W PACIpeeIeHI0 PECYPCOB MEXK Ty ToTpebu-
TEJIAMU SBJISIETCS CJIOXKHON TeXHUKO-3KOHOMUYIeCKol 3ajadeii. [Ipu ee pemrennn Heo6Xo MO yaecTh
HE TOJBKO PECYPCHBIE OTPAHWYEHNUS, HO TJIAH TePePabOTKY U PACTPEICTCHNS PECYPCOB MEXKIY IO-
Tpebure/isiMu, obecrieunBaroriye SPGEKTUBHYIO cxeMy (DYHKIITMOHUPOBAHUS IIPOEKTUPYEMOii ceTu. B
paboTe paccMaTpUBAETCS 334294 ONITUMAIBHOTO PACTIpee e s 0JHOPOHOTO PECYPCA B HepapXutie-
CKUX CETSIX W €€ PereHne MeTOI0M TTOCIeI0BATEILHBIX pacdeToB. IIpemraraeMbIii METOI TIO3BOJISIET,
XOTsI U TTOCPEICTBOM YACTHUHOIO Mepebopa, HAXOAUTh MI0OAJbHBIN SKCTPEMYM MHOTOIKCTPEMAThb-
HOM 3a/4a9¥ C BBICOKOW CTENEHbI) TOUYHOCTH.

KorotieBble cioBa: ceTn, 3a7a9a PA3MEITeHNsT, MeTO TIOCTeTOBATEIbHBIX PACIETOB, TIAH Pas-
MEITEHUS, ONTUMATBHBIH 00bEM TTPOU3BOICTBA.

BBenenune. UmxkenepHas KOMMYHHKAIlUS —  9TO  CJOXKHBIH  TEPPHTOPHAIBHO-
pacmnpeeeHHbil  KOMILIEKC, KOTOPBIH BBIMOJHAET TaKHe JKHU3HEHHO BaykKHbie (DYHKIINH,
Kak obecreueHne moTpeduTeneil SHEPTeTHIeCKUMI U BOAHBIMI PECYPCAMU, CPEJICTBAMUI CBS3H,
undopmalnmei, MapHIPYTHONH CeTbIO, TPAHCIOPTOM U JApyruMu ycjayramu. OHa BKJIIOYAET
MECTHBIE OPTaHbI BJIACTH, XO3IHCTBYOMIEe CyObeKTHI H MOTPeOuTe e, 8 TaKKe PACCMATPUBAET
XapakTep B3aMMOOTHOLIEHUI MKy HUMH.

OrMmernM, 9T0 ¢ POCTOM MacmiTaba ropoOIOB CTPEMHUTENIHHO YBEINUHBAIOTCI 00bEMBbI Ie/Te-
BOI mpoayKImn (MHMDOPMAIN, SHEPTHH, TPOIYKTA), TOTPEOIsIeMOil B TPOMBITIIIEHHOCTH, CeJTh-
CKOM XO34HCTBE I KOMMYHAJIbHO-OBITOBOM OOCJIYKHBAHIUN HaCeIeHUsI. B ¢BI3U C 3TUM BO3HHKA-
eT HeOOXOIMMOCTh IPOEKTUPOBAHUS HOBBIX MJIM MOIEPUHUBALNS CYIIECTBYIONINX NHKEHEPHBIX
KOMMYHUKANHUii (BOJOMPOBOIBI, TA30MPOBOJLI, HEMDTEMPOBOALI, FTEKTPUIECKUE U TEJIEKOMMY-
HUKAIMOHHBIE CETH, CETH aBTOMOOMJIBHBIX U KEJIE3HBIX JODPOL, IMyTH aBHACOOOINEeHHH u Jp.),
KOTOPBIE JIOJIZKHBI 00€CIIeInBaTh MePeIadn MeJIeBOro MPOAYKTa OT HCTOYHHKOB K HOBBIM IIOTPE-
OUTEIAM.

B macTosmee Bpems cymiecTByeT 60IbII0e KOJTHIECTBO PadOT, CBSI3aHHBIX ¢ IPOEKTUPOBAHN-
eM U CTPOUTENLCTBOM CeTeil pasIuyHOTO HasHaveHus. B wactHocTH, B [1, 2| pacemarpuatoTcs
BOIIPOCHI ITOMCKA, ONTHUMAJIbHBIX MapPIIPYyTOB /sl IPOKJIAJIKA HHXKEHEPHBIX CeTeil Pa3jHm9IHOrO
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Ha3HaueHud, B [3, 4] — 3amaun pasmenienns 0OHLEKTOB CTPOUTEIHCTBA HA 33JAHHON TEPPUTO-
pun, B [5, 6] — Bo3amokHOCTH mpuMenerus ['VIC-TexHOJOrHI B TPACCHPOBAHUU U Pa3MelleHne
JTMHERHBIX 0OObEKTOB, a B [7| — IpuUMeHeHusI CIUTARHOB B ONTUMH3AINA TPACCHPOBAHUS ABTOMO-
OUIBLHBIX JOpor. Kpome Toro, 3a1auu pasMeIleHusl TPOU3BOJACTBA U PACIPEIETCHAS PECyPCOB
BO3HUKAIOT ¥ B IPYIHX CMEKHBIX 00/IaCTX, TAKUX KaK pa3MeIleHne JOTHCTHYCCKIX 00heKTOB
[8] u cucrem sneprocuabxenns (9], mIaHMpoBaHue U PEKOHCTPYKIHS CeTeil TPAHCIOPTHOTO THIIA
[10], a Takke B MapupyTH3aNUK ceTell oOcayKuBanust [11].

Bo Bcex 3Tnx paboTax ceTw MHKEHEPHBIX KOMMYHUKAIH PACCMaTPUBAIOT KaK JBYMEDHBIH
00beKT, pa3MelleHHbIil Ha mIockocT. Takoe TByMepHOe TIpe/icTaBIeHue ceTeil, ¢ Halleil TOYKN
3peHus, He COOTBECTBYET PEATbHOCTHU, MOCKOJIBKY OCHOBE MPOCKTUPOBAHUS U CTPOUTETHCTBA
ceTell JIEXKUT B3aUMOJIEHCTBIE HE MeHee YeM JBYX 00beKTOB. /I[pyruMu cjioBamMu, B OTJIUYUE OT
NpeJIEeCTBEHHUKOB, B HacTodIell paboTe ceTn MHKEHEPHOTO 0OecredYeHns pPacCMaTPUBAIOTCS
KaK HepapxuyecKasl CHCTeMa TPAHCIOPTHOrO THUIA, B KOTOPOi pecypchl (ra3, HedTh, BOma U
T.11.) MEePealoTCst OT MPOU3BOAUTENH K HOTPEOHTEIAM Yepe3 MyHKThI IepepaboTKu MoCpei-
CTBOM CBsI3eil (TPAHCIIOPTHBIX KAHAJIOB). Takue CHCTeMbl XapaKTePU3yIOTCs HAJIMIUEM TaK Ha-
3bIBAEMbBIX MOCTOSHHBIX 3aTPAT, KOTOPBIE JOJIZKHBI ObITh HPOU3BEJ/IEHBl HE3ABUCUMO OT 00beMa
IPOM3BOJICTBA W MepepaboTKH 1e1eBoil mpoayKiun (ra3, HedTh, BOJA U T.11.). YUYeT B MOJEIIX
9THUX U MOJA00HBIX (DAKTOPOR MPUBOIUT K MOSBJICHHUIO B HUX TIEJEBBIX (DYHKIUI, HE 0013 1aI0TIHX
cBOlicTBOM HempepblBHOCTH. [lo3TOMY 3a1a9a pacnpe/iesieHus pecypcoB B HEPAPXUIECKIX CeTIX
paccMaTpuBaeTCcs KaK JBYXITAllHAS 33Ja4da pa3MelleHrs] MyHKTOB MPOU3BOJICTBA U PacIpee-
JIEHUSI PeCcypCoB ¢ pa3pbiBHON 1esieBoit dpyukiueit. Takoit Kjacce 3a/a4, HOCANIUNA MHOI'OIKC-
TPEeMAJIbHBINH XapaKTep, CYIIECTBEHHO 3aTPYAHLET IMOUCK IKCTpeMyMa TeeBoil (DYHKIUN U He
MOJIJIAETCS PEIIeHUIo B 00I1eM caydae. B ¢Bg31M ¢ 3TUM BO3HUKAET HEOOXOAUMOCTH Pa3paboOTKH
HOBOT'O MeTO/Ia PellleHus 3aJa49u, KOorjaa (OyHKIUN, OnpeessioNine 3aTpaThl Ha TPOU3BOJICTBO,
TPAHCTIOPTUPOBKY U TepepabOTKy MPOIYKINH, SBIMIOTCI HEJTUHEHHBIMHU, & CTPYKTYPa MpPOeK-
TUPYEMOI ceTu uMeer uepapxudeckuil xapaxrep.

1. ITocTranoBka 3amaun. KpymHasi KoMIanusi B peruoHe UMEET 1M IyHKTOB MPOM3BOJICTBA
ceipbst A;, 0= 1,2, ..., m, ¢ uckombivMu obbemMamu pon3BoacTBa r;, 0 < x; < a1 =1,2,...,m,
1 1 BO3MOYKHBIX YHKTOB IepepabOTKH 3TOro Chipbs I, ¢ o0beMamu nepepadborku y;, 0 < y; <
Qj,j=1,2,...,n.

CorytacHo T0TOBOPY, CHIPbe, TepepadOTaHHOE Ha 9TUX MPeINPUITUIX, B CBOIO OUePe b 0K~
HO JOCTaBASATbCA Ha P NmyHKTH morpeouteneit 11,k = 1,2,...,p ¢ u3BeCTHBIMH OObeMaMH
norpedHocTu pauoii, by, k =1,2,...,p.

Bynem cumrarh, 4TO BCE CBEJEHUS O pasMepax MPOM3BOJICTBA ChIPbd, €ro mepepaboTKu U
noTpeb/IeHnsT TPUBEIEHBI K OTHON eTHHUIE N3MEDPEHUS.

_ Jlag Kazkaoro BO3MOXKHOIO LyHKTa liepepaborku Bj,j = 1,2,...,n ussecrna ¢yHKIusd
1;(y;), KOTOpast OIpee/seT 3aTPAThl Ha epepaboTKy ChIpbs 00beMoM ¥ , j = 1,2, ..., n. Kpo-
Me TOro, I KaykKIOTO IIYHKTA IPOU3BOACTBA Chipba A;, 1 = 1,2,...,m, u3BecTHa QpyHKIUI
wi(T;), KOTOpas oupejessieT 3aTparbl Ha IPOU3BOJICTBO Chipbst 0ObeMOM ;1 = 1,2,...,m, a
TaKyKe U3BeCTHLI PyHKIUH ;i (25),4 = 1,2,....m,j = 1,2, ... n,Yu(yix),j = 1,2,...,n,k =
1,2,...,p, onpeaeasioniue MaTPUILy TPAHCTIOPTHBIX PACXOIO0B.

Tpebdyercs onpeie/IUTh ONTUMAJIBHBIN IIJIAH pa3sMeIieHus mnepepadaThbIBAIONUX IIPeIIpus-
tuil, wian z;; > 0, IepeBo3KU CbIPbs Ha IepepadaTblBalolliue NpPeJlpHATUd U IUIaH Y, = 0
pacipegeeHus IepepadbOTAHHOTO ChIPbs MEXKIY HOTPEOUTEIIMH, MUHUMI3UPYIOIIHE CYyMMap-
HbIE 3aTPAThl HA ITPOU3BOJICTBO ChIPb, €€ 1MepepadoTKy U TPAHCIIOPTUPOBKY.
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2. MaremaTuvueckad MoAedab. 3ioxkennas mpobyieMa MOXKeT ObIThH MpeJcTaBIeHa CJie-
AVIOLIEH 9KCTpeMaJJbHOR 3ajadeil: HallTu MUHUMYM

m

ZZ‘PU Lij "’Z% T, +Zzwﬂf Yik) Zw (?/J) (1)

i=1 j=1 J=1 k=1

IIPA YCJIOBUAX

Zy]k: bka — 727"'7p7 (4)

r; 20,2, 20,i=1,2,...,m,j=12,...,n, (5)
yi 2 0,y;.20,7=1,2,...,n,k=1,2,...,p, (6)

rae & = |Tijlmn, Y = |Yjk|np- [Ipeanonaraercs, aro

S
3

H
..
I
—

Pacemorpum ciocob perrenns 3anaqn (1)—(7) B ciaydae, korga GyHKIHA ;5 (T;5) = ¢;;Tij,1 =
L2,...om,j = 1,2,....n,0i(z;) = g,z € [0,a],0 = 1,2,...,m; Yj(yn) — BoIIyKIbIE
BO3pACTAIONIHE byskmun mo i € [0,bg],5 = 1,2,...,n,k = 1,2,...,p, a ¥;(y;) = ¢¥;(y;) +
T; Q(yj) =1,2,...,n, tme ¢;(y;) — BoimyKIas Bo3pacraomas dyukmus mo y; € (0,Q,],7
1,2,.

B sToM caydae 3ama4a (1)—(6) mpumer Bux HATH MEHIMYM

n

Z CZ]IZ] + ZZ¢]I€ y]k: + qubj yj +T9 yj) (8)

=1 j=1 7j=1 k=1

IIpH YCJI0OBUAX
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yj>O7yjk'>O7j:1727"'7n7k:1727"'7p7 (13)

rne ¢; =cy;+c,i=12....m,3=12,...,n

U3 (8)—(13) merko sameruth, uro dyukuun ;(y;),j = 1,2,...,n paspbIBHBIE B Hadgaje
KOOPAMHAT. ITO 00CTOATENHCTBO CHIBHO 3aTPYAHACT HAXOXKICHAE TIO0ATBHOTO MAHIMYMA, 3a-
JIa4H, TAK KaK JOKAJIbHBIA MUHAMYM HE MOXKeT COBIIAJAaTh C IJ100aJbHbIM. [103ToMYy J1JIst 381891
(8)—(13) crangapTHBINH MeTO peleHus] TpeobpasyeM K KOMOMHATOPHBIM METOIAM ¢ UCIOJIB30-
BaHIEM MeTOJIa TOCJIeI0BATEIBHBIX pacdeToB [12] u uzeii, mpempaoxennsix B (14, 15].

3. MeToa nocse0oBaTeIbHBIX pacueToB. [Ipeobpasyem 3azady (8)—(13) x cirenyomemy

BHU/LY:

m n+1 n+l p n+1
L(z,y) = ZZ@% _'_Zzz%k Yjk) "‘ij —G) +T;0(Q; — ) (14)
i=1 j=1 7=1 k=1
IIPA YCJIOBUAX
n+1

wy=a;, i=12...,m, (15)
j=1

n+1
Zy]k = bk7 k= 1727 Py (17>

j=1
xz]>oa i:1727"'7m7 j:1727"'7n+17 (18>
Cj207 yjk>oa J=L2,...,n+1, k=12,...,p, (19)

M,7=1,2,....n

rae Qn-i—l = 2111 a; — Zzzl bk7ci,n+1 = 07 1= 1a 2) s, M, Cintl = {0 ] 1

¢n+1,k(yn+1,k> = M7 k= 17 27 N 2 2/41—‘:—1(62714-1-1 - Cn-‘rl) = 07

07 C = Q E
Tn—i—l - 0 0( CJ) ’ ! .
1, <Q;, 7=12,...,n,n+1
O6o3uaunm yepe3 J = {1,2,...,n,n+1} MHO)KECTBO, cocTosiIee U3 n+ 1 WHIEKCOB Iepepa-
GaTeIBAIOIINX OpeanpuAaTuit B;,j = 1,2,...,n,n+1, a 4epe3 6 — Ipon3BOJIbHBIE HOIMHOKECTBO

MHOKeCTBa, J. B nanbreiimem OyneM cauTaTh, 94To 1+ 1 gBISETCH 3JeMEeHTOM JI000r0 MOIMHO-
xecrBa 0 C J. Torma Ha Kaxk oM nmoamMuoxKecTBe 0 C J MOzKeT ObITh OIPEeIEIeHO MUHHMAJILHOE
snadenne P(J) cormacHo dopmye:

CURTZP D WEMES 3) SUNURRS SUCHRIRS wE'| BNCY

i=1 6CJ 0CJ k=1 0CJ 6CJ

PN YCJAOBUAX

Y wy=ani=12,...,m, (21)
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m p
Ziﬂij = Zyjk =Q; —(;,J €09, (22)
=1 k=1
>y =brk=12..p (23)
6CJ
:cij>0,i:1,2,...,m,j€5, (24)
Cj)oay]k>oa]€57k:172vapv (25)

Torna mcxonnas 3aj1ada MOXKeT OBITH COPMYJIUPOBAHA CJEAYIONMM 00pa3oM: Tpedyercs
OIPEJETUTDH MOAMHOXKeCTBO 0* C J, Ha KoTtopoM P(§) mocturia Obl CBOETO HAMMEHDBIIETO 3HA-
qennst P(0*), T.e. HafiTn

P(§*) = minP(0).

0CJ

(26)

Kak wm3Becrno u3 [12|, mocraTounoe ycaoBHe TPUMEHHMOCTH MeTOJa TOCIeA0BATEIbHBIX
PACYETOB I HAXOKICHHH 11 inP(0) numeer BHI
cJ

s(d1,02) = p(61) + p(2) — p(a) — p(B) <0, (27)
rae 1,0y — TPOU3BOIBHBIE TOAMHOKECTBA MHOKeCTBa J, o = 01 | do, B = v = 1 () da.
Jos 3amaan (26) yeaosue (27) 3anuMaercs B BUe
p
$(01,02) = mm{z > Gm+ > Y Uinlym) + Q5 — G) + T) }+
j€ed; =1 j€6 \k=1
p
epnd 335+ (S vt + 0@ -0+ ) -
€0y i=1 652 k=1
P
—mm{zzcmxm YD S wiklyin) +5(Q5 = ¢ +TJ>}
jEa 1=1 j€a \k=1
—mm{z Zczjmz] + Z <Z w]k yjk + w](Qj - CJ) + 71]) } < O (28>
jeB i=1 JjeB

W3 BBesenusg MHOXKeCTB v U 3 JIETKO 3aMETHTD, 9TO

DI

J€s JE€S2

=3 T+ ) Ty

jea JeB

Hauee, Hpe;LHOJImKHM 970 ,ZLJIH sagaun (14)—(19) Ha MHOXKecTBAaX 01 U Jy CYIIECTBYIOT JI0-
IYCTUMBIE ILIAHDI |xw , yjk| |:1:” Y k| KOTODBIE YAOBIETBOPSIOT CJICLYIONIUM YCIOBUIM:

(@

2]7

yg _ yjllgaj € 04\527
o y§27j€a\517k:1727"'7p7

z]?jea\527
2j€ea\d,i=12,...,m,

(29)

(30)
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o1
R

02
j

:x?jjuxg,jeﬂ,i:l,l...,m, (31)

yjk+y]k _y]k—i_yfka] € ﬁak = 1,2,---,]77 (32>
min{Qj—f,Qj—Cf}éQj—C ,Q — (< max{Q] anj_Cf}y (33)

rae |z, Y5, | — onpenenenmpiit nnan sagadn (14)—(19) ma MHOKecTBe a, |fo, y]ﬁk| — Ha MHOKe-
cTBe 3.

Toraa g MOKA3aTEIBCTBA JOCTATOYHOTO YCJIOBHSI TPUMEHUMOCTH METOIA MOCIEI0BATE b
HBIX PACYETOB JOCTATOYHO TTOKA3ATh, UTO

51,52 Z Z@lﬁl + Z <Z wjk y]k + wj(Qj - Cj1)> +

j€81 =1 jEN
p
+ZZCU.¢ +Z<Z%k yR) +15(Q, —C}b)>—
j€de 1=1 JEO2
m p
DY (Z in(Y5e) + 43(Q5 — CJ('X)) B
j€a i=1 Jea \k=1
IR <Z Vi) + 45 (Q; — cf)) <0. (34)
jeB i=1 jeB \k=1

JleficTBUTEIBHO, TAK KaK ]xlj,yjk| \xw,yjk] He SBJIAETCS ONTHMAJBHBIM ILJTAHOM COOTBET-
CTBYIONTHX 33/1a4, TO CIPABEJJINBLI HEPABEHCTBA

\chmx +Z<Zwﬂc yjk +1/}j(Qj_<]61>+TVJ>7

]661 =1 ]661
0 X3+ 3 (Yot + i@, 7).
j€de 1=1 JEO2

Caenosarenbo, s(01,02) < 5(d1,09), mosTomy u3 5(d1,02) < 0 caegyer s(dq1,02) < 0.
Ucnonb3ys yeaosus (29)—(32), u3 (34) noaygaem

5(01,02) = ) Z i) + D ) UanR) = D ) i) = D) vi(yh)+

jEB k=1 jEB k=1 j€L k=1 jE€B k=1
+ Q= )+ Y (@ — ) = ) Q5 — ¢ = Y wi(@Q— (). (35)
jes jep ieB ieB

U3 (35), ucnosb3ys CBORCTBA BHITYKJIOCTH (DYHKITH, HMeeM
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p
DO i) + ik Wi) — Uiny) — vin(yh)+
jep k=1
+ 2 Ui(Qi = G (@ = ) = 95(Q5 = ) = 5(Q5 = ) < 0. (36)
Jjes

Takum 06pazoM, T0CTATOUHBIE YCIOBUS (27) MPUMEHIMOCTH METO/IA TOCTIE0BATEILHBIX PaC-
4eToB JIOKa3aHbl JUIs 3312491 (26) B IPEJIIOIOKEHHH O CYIIECTBOBAHUH JIOIyCTUMbIX ILJIAHOB

\xf;, yj,ﬁ: : |xfj,y§i\ YAOBAETBOPSIONNX ycaoBuaM (29)—(33).

Ocraercst BBISICHUTD, CYIIECTBYIOT JIM JJIs PACCMATPUBAEMON 3a/laui TaKhe JOIYCTUMbIE
mwianbl. J{oKa3aTeabeTBO 9TOTO YTBEPKICHHUS He OYJIeM 3/1eCh IPUBOIUTD, TAK KaK OHO IPOBO-
JTATCsT AHAJIOTUYHO NPUBEJICHHOMY JOKA3aTeabCTBY B [12].

[TpusenenHoe JoKa3aTeabCTBO yeaoBus (27) st 3a1aau (26) 103BOJISIET HCIOIB30BATH JIJIsT
HAXOXJIeHHS 110 in{P()} komOunaTopuslil MeTOA pemteHus 3a1ad pasMentenus [12], ocnoBan-

S

HBI{i Ha METOJIe MOC/Ie/[0BATeIbHBIX PACYeTOB, Pe/IoKeHHoM B [13].

CyImHOCTH 9TOr0 METOa COCTOUT B 3aMeHe UCXOIHOM 3aa4un 60Jee TpOCTO BCIOMOraTe Ih-
HOIl MUHeWHOW 3ajadeil, 11 KOTOPOM yAaeTcsd HAXOAWTh ONTHMAJIbHBIE pellleHusd. B oTyimane
OT KJIACCHIECKUX METO/IOB ONTUMUBAIUHN, IIPEIJIOKEHHBI KOMOMHATOPHBINA MeTO I II03BOJIsIeT Ha
OCHOBE JaCTUYIHOTO Iepebopa HAUTHU NI00AIBHBIA ONTUMYM UCXOMHON 3a1a4un. Apyrumu ciosa-
MM, BMECTO 2™ BO3MOYKHBIX BAPHAHTOB MPHUXOJUTCS TPOCYNTHIBATH JUITL M «~ m> BapHAHTOB.

3akaodeHne. J[0ka3aHo JOCTATOYHOE YCIOBHE TPUMEHUMOCTH METO/1a MOCJIe/10BATEIbHBIX
pacdeToB I JIBYXITAIHON 3aJla4y pa3MeIeHus ITPOU3BOJICTBA U IepepabOTKU ¢ HeJmHeii-
HBIMH (DYHKIHMSIMU TPAHCIIOPTHBIX, TPOU3BOJICTBEHHBIX 3aTpaT U 3aTpaT Ha IepepabOTKy NpH
Pa3JIMYHBIX OTPAHUYMTENLHBIX YCJIOBHAX. lIpentokeH KOMOMHATODPHBIA METOM ONTHMU3AIINH
pa3MelleHnsl, OCHOBaHHBIN Ha METO/e OC/IeI0BATEIbHbIX PACYETOB, ITO3BOJISIONINNA BBIYUCAUTD
ONTUMAJIbHBI BapUaHT pa3MelleHnsd 3IJIEMEHTOB CeTell MHYKeHEePHBIX KOMMYHUKAIUil W ILJ1aH
(06beM) TpaHCHOPTUPYEMOil TPOJAYKINH OT MCTOYHUKOB K MOTPEOUTENIM 110 KPUTEPHIO M-
HUMYMa CYMMAapHBIX 3aTpaT Ha IIPOM3BOJACTBO CHIPbs, €ro nepepaboTKH U TPAHCIOPTUPOBKH.
[IpepraraemMplii MeTOI MO3BOJAET, XOTd H IIOCPEJICTBOM YAaCTUIHOrO Iepedopa, HAXOIUTH
1100aJIbHBI SKCTPEMYM MHOI'O9KCTPEMAJIbHON 3a/1a91 C JIF0OOH CTeNeHbI0 TOYHOCTH.
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